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5. 

I. INTRODUCTION 

Dur ing  t h e  twenty-lw j month p c r i o J  ( I  M a r c h  1961 f r r  

31 December 1962) covered by / 1 ~ ~  r-cpor- I ,  <,I c 1  f o r t  thdT h ' .,em 

needed i n  t h e  aerospace propu , ]ii f i e l d  IV ilnc'cr taken. :dc ri< 

I i q u i d  propel  l a n t  r o c k e t  res f  rind dc vc Ic,Imi.iit have been L ~ w  r )  r 

I 
some years t h d t  t h e  pressure u r i n g  i n ~ D t r w - n t r ~  used i n  cv. .lrj 

combustion dynamics, i nc I ud i na h igh  frequency I nsyabi I i t y ,  WET'  J C ~ L  .$e 

i n  a number o f  respects.  P r d c : i  I l y  a l  I of :he water cooIr,~j, 

frequency response transducers ui;sble f o r  I i q u i d  propel  1an-i- 

combustiJn chamber appl  i c a t i o n  i x h i b i t e d  d c h ? r - < , c t e r i s t i c  p c i ~ r  f 

3 i i: strengt t -  3nd weakness t h a t  rend? red  s a t i  s f a z t o r y  s e r v i c e  under 

operatiri i ; c o n d i t i o n s  and under o the r  c o n d i t i o n #  would show qui  

d i f f e r e n t  performance, none iverc comp I e t e  I y sa1.i s f a c t o r y  for  sc: . .<:e 3-r 

chamber pressures of 1000 psis and above i n  the  presence o f  f u i i -  

developea, h igh  frequency combut;tion ins-idbi I i-'-% i f .  A l though LO:.: r -3 I - i  - 

ducers came t o  be accepted as  standard i n  v J r  3~:: l abo ra to r ies  ,:,.' ;es':- 

i n s t a  I la t ions,  t h e  procurement ::Ic;c: i f i ca t i o i i s ,  inbnufacturers'  z i ' 

and performance requirements wcro o f t e n  a t  r a  her  wide var iancc ,  : I  though 

it should be understood t h a t  siich t ransducers have necessar i I y 

considered as  s p e c i a l t y  items by ins t rumentd t ion  manufacturers L;, ' ius€ 

of t he  low volume of t h e i r  sal 

Experimental research i n  l i q u i d  p r o p e l l a n t  r o c k e t  comi:.r : i on  

i n s t a b i l i t y  a t  P r ince ton  over  the p a s t  t e n  years has g i ven  us ,? c l c x i a l  

i n s i g h t  i n t o  the  problem o f  making accura te  measurements o f  t r sns i : . n t  

pressures.  I n  add i t i on ,  we havo been la rge i  y unsuccessful i n  c i i -  bffor--E; 

t o  o b t a i n  i n s t a b i  I i t y  data sur7cc>pt ib le  o f  ? k ~ c o r e t i c a l  ana lys i c  . 'I 



5 .  

i ndus t r y  o r  o the r  l abo ra to r ies .  Also our  fami  I i a r i - t y  w i t h  transdut S'r 

design, f a b r i c a t i o n  and development problems r e s u l t i n g  from long - t  r m  

r e l a t i o n s  w i t h  personrlel o f  t he  MIT I ns t rumen ta t i on  Laboratory  c n r i  i a t e r  

w i t h  t h e i r  cmmerc f a  I en terpr  i se5 and w i t h  t h e  i nstrumuntat ion bur  1 ICSS 

genera I l y .  A I  I of t h i s  background equipped us t o  a t tempt  a s i g n i  I i (  a n t  

c o n t r i b u t i o n  i n  t h i s  scene as descr ibed below, 

We saw our  ftrnction i n  the  Glrggenheim Labora tor ies  a t  P r ince ton  

t o  be one o f  i d e n t i f y i n g  the  c h a r a c t e r i s t i c s  requ i red  i h  a t ransducer  

based on a know ledge of pressure measdr i ng requ i  r'ements and i n s l - r w m t  

des ign poss ib i  I i t l e s  and, i n  add i t i on ,  eva lua t i on  o f  t ransducers and t h e i r  

systems spec ia l i zed  l abo ra to ry  t e s t s  u t i l i z i n g  apparatlrs developed it 

Pr ince ton  and, f i n a l  ly ,  by r o c k e t  motor t e s t s  under c o n d i i i o n s  o f  c ( ~ I  l y -  

developed h i g h  frequency i n s t a b i  I i t y  i n  our t e s t  r o c k e t  chambers. 

add i t i on ,  we hoped t o  acce le ra te  t h e  development of advanced t re tn- :  Jcers 

:n 

by suppor t ing  i n te res ted  inst rument  manufacturers i n  the  p f 'o to t ' ip i  13 aqd 

development of  a new transducer o r  i n  the  improvement of  ah ex;:,Ti 1 ~ 4  

t ransducer,  Also our  exper ience led us t o  some new ideas on t r a n s i e n t  

pressure measurements bnder c e r t a i n  c o n d i t i o n s  associated w i t h  spec i f i c  

app I i c a t  ions. 

I t  was a l s o  apparent t h a t  an educatfohal  e f f o r t  needed t o  be 

made throughout t h e  aerospace f i e l d  t o  acqua in t  engineers and o the rs  

w i t h  t h e  f a c t o r s  invo lved i n  t h e  dynamic response o f  t ransducers and t h e i r  

measurement systems. A l i s t  o f  p u b l i c a t i o n s  so f a r  r e s u l t i n g  from our  

research is inc luded i n  t h i s  r e p o r t  as Appendix A.  

c a t i o n s  (I and 2) were issued d u r i n g  t h e  t ime t h a t  M r .  H. B. Jones, J r .  

was research leader. The f i r s t  presents  t h e o r e t i c a l  and expc r immta l  data 

The f i r s t  two p u b l i -  

* 

* 
Numbers i n  parentheses r e f e r  t o  the  L i s t  of P u b l i c a t i o n s  inc ludod i n  
Appendix A .  
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on the  e f f e c t s  of t u b i n g  connect lon on transducer rec>pon$c. 

i s  an e x c e l l e n t  summary o f  the fundamentals o f  t r a n s i e n t  pressure measure- 

ment as app l i ed  t o  r o c k e t  combustion chambers, 

Thr:: s x o n d  

The sections below present  the  f u r t h e r  r e s u l t s  from th t .  research 

du r ing  the  pe r iod  of t h i s  r e p o r t  in summary form. 



11. FLUSH DIAPHRAGM TRANSIENT PRESSURE TRANSDUCERS FOR CURRENT 
LIQUID PROPELLANT RCCKET COMBUSTION CHAMBERS 

A number of t ransducers a r e  avai  l a b l e  f o r  t h e  measurement o f  

t r a n s i e n t  pressures i n  c u r r e n t  l i q u i d  p r o p e l l a n t  booster  r o c k e t  cornbustion 

chambers. 

pressure s e n s i t i v e  element and a re  designed f o r  use up to  about 1200 pounds 

These u s u a l l y  employ a f l u s h  Water-cooled diaphragm a5 the 

per  square inch  combustion chamber pressure w i t h  associated h e a l  f I uxes 

t h a t  range up t o  25 BTU/in sec du r ing  unstable ope ra t i on  of  the  chambers. 

None of  t h e  a v a i l a b l e  t ransducers i s  complete ly  acceptable f o r  t h i s  

2 

se rv i ce  f o r  va r ious  reasons as es tab l i shed by our  p r e l  iminary eva lua t i ons  (3).  

The a v a i l a b l e  t ransducers t h a t  were g i ven  the  p r e l i m i n a r y  eva lua t i ons  a r e  

I is ted  i n  paragraph I i n  Appendix B and the  cuprent  t ransducers,  i n c l u d i n g  

some w i t h  diaphragms mod i f ied  as a r e s u l t  o f  t h i s  research t h a t  w i l l  be 

evaluated d u r i n g  t h e  nex t  pe r iod  a re  l i s t e d  i n  paragraph 1 I A  o f  the  same 

Appendix. Some o t h e r  methods o 

l i s t e d  i n  t h i s  Appendix as we l l  

eva luated a t  a f b t u r e  t ime (see 

A. Cur ren t  Transducer Eva 

tneasur i ng t r a n s i  e n t  pressures a r e  a I so 

as advanced t ransducers t h a t  w i  1 I be 

paragraph 111). 

ua t  ions # 

Transducer eva lua t i ons  / h  the  nex t  pe r iod  w i  I I be c a r r i e d  o u t  

accord ing t o  w r i t t e n  procedures t h a t  have been developed du r ing  the  pe r iod  

o f  t h i s  r e p o r t .  The c u r r e n t  form f o r  t h i s  purpose i s  inc luded he re in  as  

Appendix C. Comments on t h i s  procedure a r e  des i red  as  i t  w i l l  be sub jec t  

t o  cont inued r e v i s i o n  for sometime t o  come. 

o f  t h e  eva lua t i on  t e s t s  i s  underway and i t  i s  a l ready  planned t o  add 

a d d i t i o n a l  secf ions,  such as  V i b r a t i o n  Test ing,  as  soon as  poss ib le .  

Fu r the r  development o f  each 

The f i r s t  s tep i n  t h e  eva 1 u a t i o n  of  a pressure t ransducer i s  

thorough inspect ion.  Th is  c o n s i s t s  of  an o v e r a l l  v isua l  check w i t h  

I 



emphasis on t h e  c o n d i t i o n  of the  diaphragm which i s ' v i ewed  under t j  f o r t y  

power stereo-microscope, Th is  o f t e n  revea I s  ,cracks, scratches, smct I I 

chunks of metal, e t c .  

s o r t  can represent  an i n c i p i e n t  f a i  lu re .  

Experience has shown t h a t  any imper fec t ion  o f  t h i s  
3 

Diaphragms must, there fore ,  bs 

smooth and un i fo rm i n  appearance. 

The transducep i s  nex t  measured d imens iona l l y  

w i l l  f i t  t h e  prov ided mountings. The manufacturer 's  o u t  

used as  t h e  standard of comparison. 

Resistance measurements a r e  then made a t  t h e  e 

9 .  

o insure  t h a t  i t  

ine  drawings a r e  

e c t r  i ca  I ou tpu t  

termt na I s o f  the  t ransducer.  Res i stance between t h e  term1 na I (s )  and 

9 ground should be 10 

I O l 3  ohm f o r  those of t h e  p i e z o e l e c t r i c  (quar tz )  type. 

ohm f o r  t ransducers o f  t he  s t r a i n  gage type arid 

C e r t a i n  o ther  

types have a grounded i n t e r n a l  s t ruc tu re ,  i n  which case t h e  leakage 

r e s i s t a n c e  measurement i s  n o t  appl i cab le .  

i s  nex t  measured, a step which appl ies  p r i n c i p a l  I y  t o  s t ra ih-gage devices.  

I n p u t  and o u t p u t  res i s tance  

As an example, we w i  I I f o l  low a t y p i c a l  pressure t ransducer  

through t h e  eva 1 u a t i o n  procedurec 

No. 14996 has been ,chosen. 

Dyni sco Model PT49 AF-IM, Set- i a  I 

Th i s  pickup exh ib ' i ted  a leakage res i s tance  

Y 
of fnfinity (i,.e., greater  than I O  ohm) and an i nbu t  res i s tance  o f  

355.8 ohm. Output res i s tance  i s  o f  importance most ly  so t h a t  one can 

check f o r  subsequent changes. I n  t h l s  case it was 323.9 ohm. 

Fol lowing t h e  res i s tance  checks, water is f lowed through t h e  

transducer,  and a v i s u a l  check i s  made f o r  coo lan t  leaks. Another leakage 

res i s tance  check i s  theh made t o  d e t e c t  t h e  occurrence of an i n t e r n a l  

coo lan t  leak. Number 14996 showed n e i t h e r  ex te rna l  nor  i n t e r n a l  leaks. 

The passages were then purged o f  c o o l a n t  and t h e  t ransducer  made ready 

t 

1 

L 

- for s t a t i c  c a l i b r a t i o n ,  
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S t a t i c  t e s t i n g  c o n s i s t s  o f  loading t h e  p 

pressure range and reco rd ing  t h e  ou tpu t  vo l tages.  

w i t h  dry, open c o o l a n t  passages, and once w i t h  coo 

ckup through i t s  

T h i s  i s  done tw ice  

a n t  f l ow ing  a t  r a t e d ,  

cond i t i ons .  

o f  t h e  b e s t  s t r a i g h t  l i n e  through the  po in ts ,  t h e  y - i n t e r c e p t  (zero 

pressure ou tpu t )  and the  root-mean-square e r r o r .  

by  the  f i r s t  r u n  was 0.29935 m i  1 I i v o l t s / p s i  aga ins t  0.029934 m i  I 1  i v o l t s / p s i  

for t h e  second r u n  bo th  w i t h  an Pms e r r o r  o f  O.Ol$, 

repeatabi  I i t y  of 0.003% for the  slope and 0.OOlf  f o r  t h e  y - i n te rcep t .  

The data a r e  fed t o  a computer which -&ermines t h e  slope 

The s lope as ind ica ted  

Th is  represents  a 

Such f i g u r e s  a r e  we l l  w i t h i n  t h e  s p e c i f i c a t i o n s  o f  t h e  manufacturer, and 

are, i n  fac t ,  beyond t h e  r e s o l  u t l o n  of our  cat  i b r a t o r .  

c o o l a n t  f low has an e f f e c t  of -0.4$ on slope, and -0.4% on t h e  y - in te rcept .  

Appl i c a t i o n  of 

A d r i f t  t e s t  i s  nex t  performed. Th is  procedure c o n s i s t s  o f  

observ ing t h e  zero pressure outp l l t ,  w i t h  normal coo lan t  f low appl ied  a t  

I O  minute i n t e r v a l s  f o r  a two hour per iod .  

0.01 m i l l i v o l t  which Is e s s e n t i a l l y  zero d r i f t .  

The o n l y  change observed was 

The above procedure i s  usable f o r  t ransducers measuring r e l a t i v e l y  

slow changing pressures. I n  general, i t  may n o t  be assumed t h a t  t h e  input -  

o u t p u t  r e l a t i o n  determined s t a t i c a l l y  w i l l  ho ld  t r u e  f o r  t h e  dynamic case. 

Dynamic t e s t i n g  i s  seldom ideal ,  t h a t  is ,  it seldom reproduces e x a c t l y  

t h e  c o n d i t i o n s  of  usage. 

i 

For dynamic measurements t h e  eva lua t i on  procedure r e l i e s  upon 

t h e  shock tube and t h e  Sinusoida l  Pressure Generator. The shock tube 

y i i l d s  r i s e  time, na tu ra l  frequency, and damping r a t i o  d i r e c t l y ,  wh i l e  

t h e  response w i t h  frequency must be ob ta ined from F o u r i e r  8na I ys i s usua I I y 

i n v o l v i n g  a computer, The SPG y i e l d s  d i r e c t l y  n response curve  v s  a p p l i e d  

frequency. 
- In r e a l  i t y  the  same basic  parameters can be obta ined w i t h  
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fu rn ished by the  SPG, It has been shown t h a t  for a 

response c u  

agreement. 

the bas ic  e 

i n  progress 

e i t h e r  t e s t  method, b u t  t h e  response data i s  more r e a d i l y  a v a i l a b l e  as 

g iven transduc .:r 

ves der ived  from the  shock tube and t h e  SPG a r e  i n  g o d  

An MSE t h e s i s  on the  response o f  a smdl 

ement of the  SPG has been completed (4) and another i ?  c u r r e n t l y  

on t h e  dynamic response t e s t i n g  o f  t r a n s i e n t  pt-essuro t rans -  

ducers f o r  I i q u i d  propel  l a n t  r o c k e t  combustion chambers us ing the  !>hock 

tube and SPG techniques. 

chamber which i s  

The shock tube t e s t i n g  i s  conducted as fo l lows.  The transducer 

i s  end mounted i n  t h e  shock tube and a 500 p s i  b u r s t  d i s c  I s  i n s t a l l e d .  

A pressure s tep o f  375 p s i  f o r  four  m i l  l iseconds i s  ob ta ined a t  the  t rans -  

ducer diaphragm. 

w i t h  a t  l e a s t  a I kc na tu ra l  frequency. Typica l  t r a n s i e n t  pressure t rans-  

Th is  i s  an adequate d u r a t i o n  fo r  t e s t i n g  any t-ransducer 

i c u l a r  ducers have a n a t u r a l  frequency we1 I above t h i s  value. I n  t h e  par  

instance i I I us t ra ted  here the  Dynisco transducer PT49 AF-IM, S e r l a  

No. 14996 e x h i b i t e d  a na tu ra l  fl-equency o f  23 kc and a damping r a t  0 o f  

,06 of c r i t i c a l .  R ise t ime was 8 microseconds, C e r t a i n  approximate 

conc lus ions  may be drawn from these few observat ions.  

w i  I I be usable up t o  about  1/3 o f  the  natura I frequency; i .e., up t o  

about  8 kc, w i thou t  major c o r r e c t i o n s  f o r  arnpl i tbde o r  phase. Also, 

s ince  t h e  damping I s  f a r  below c r i t i c a l ,  the  sensor w i l l  r i n g  d u r i n g  i t s  

usage on a r o c k e t  chamber. I n  most a p p l i c a t i o n s  t h i s  n a t u r a l  or r i n g i n g  

frequency should be f i l t e r e d  o u t  e l e c t r i c a l l y .  A low damping f a c t o r  i s  

t y p i c a l  o f  t h i s  c l a s s  o f  t ransducers and i s  f a r  below t h e  idea l ,  which i s  

c r i t i c a l  damping. The measured r i s e  t ime of 8 microseconds i s  c o n s i s t e n t  

w i t h  the  n a t u r a l  frequency of 23 kc accord ing t o  theory.  

One, the  t ransducer 

s 

The SPG proce,dure seeks to  p l o t  a n ' a c t u a l  response curve d i r e c t l y .  
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Here the  t ransducer  i s  mounted i n  a smal I chamber and subjected t o  pressure 

osc i  I l a t i o n s  o f  known frequency and amp1 i t ude  as descr ibed i n  (4) and shown 

i n  the  FRONTISPIECE. Sinusoida l  pressure s igna ls  rang ing  from 35 p s i  

peak t o  peak a t  I kc t o  6 p s i  P-P a t  10 kc a r e  app l i ed  t o  t h e  diaphragm 

of t h e  t e s t  sensor, and s imul taneously  t o  a moni tor  t ransducer .  

o f  t he  two t ransducer ou tpu ts  i s  then c a l c u l a t e d  f o r  each i n t e g r a l  va lue  

o f  frequency from I kc t o  18 k c .  I n  the  case o f  our i I l u s t r a t i v e  pickup 

t h e  p a t t e r n  i s  as p red ic ted  from t h e  shock tube t e s t .  

up t o  4 kc, a t  which p o i n t  i t  r i s e s  gradual I\/ t o *  12% a t  8 kc. I t  -then 

shows a small resonant  peak a t  10 kc. Beyond 14 kc t h e  response r i s e s  

The r a t i o  

Response i s  f l a t  

r a p i d l y ,  approaching the  pr imary resonance a t  23 kc.  

Heat t r a n s f e r  t e s t s  a r e  conducted i n  t h e  l abo ra to ry  u s i n g  an 

open oxy-acely lene flame around 2 B N / i n 2  sec and i n  a r o c k e t  motor ope ra t i ng  ' 

uns tab ly  w i t h  heat  f l u x e s  up t o  15 BTU/in2 sec. These t e s t s  p rov ide  data 

on t h e  s u s c e p t i b i l i t y  o f  t h e  t rahsducer t o  the  e f f e c t s  of heat ing  on bo th  

the  diaphragm and body and prove the  s u i t a b i  I i t y  o f  t h e  t ransducer under 

t h e  s p e c i f i c  t e s t  cond i t i ons .  Test  methods t o  p r e d i c t  bul-nout heat  f l u x  

and more severe (i ,e., h igher  chamber pressure) Pocket motor t e s t s  a r e  

requ i red  t o  adequately eva I uate t h l  s impor tant  feature.  

t e s t  methods a r e  descr ibed i n  more d e t a i l  i n  Sec t ion  I11 below. 

Our c u r r e n t  

8. Development o f  Advanced Transducers 

When it became apparent t h a t  t he  c u r r e n t  t ransducers discussed 

above cou ld  n o t  meef the  requirements adequately, t a r g e t  c h a r a c t e r i s t i c s  

were prepared t o  d e f i n e  the  goals  toward which development work should be 

aimed. A ve rs ion  of  these Target  C h a r a c t e r i s t i c s  i s  inc luded he re in  as 

Appendix D, which i s  considered t o  be t h e  bes t  compromise p o s s i b l e  a t  

t h e  present  t ime between t h e  requirements f o r  t r a n s i e n t  pressure measure- 
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ments i n  current-  I i q u i d  propel  Ic:nt combUS;-iC>ii chambers \3f boos 

engines a n d  the s la te -o f - the-ar  c\f trJnsducer tachnoiogy. BJ 

contac t  w j  r h  t h e  in$,trurnentation indu ,Try, WF wi I I suppor-r dur 

next  ger iod the  development o f  .jdvancod transducers spec i +ica  I I ' .  ~ m e d  

a t  meating the  above-mentioned t s r g e t  c h a r a c t e r i s t i c s  by purch:zs ng a 

numbsr- of  pro fo types  of t h e  t ransducers shown below; 

I .  Dynisco PT-134 Bonded Wire Resistance S t ra :n  
Gage Type 

2. Dynisco PT-501 Semi -conductor Sl-ra i n Gage T?pe 

3. E l a s t r o n i c s  EBL P i e z o e l e c t r i c  (Quar tz )  Type 

On +ha d e l i v e r y  o f  these prorotypes we w i  I I c a r r y  o u t  eva lda t ic r , :  thr: 

deve 

obfa 

b a s i s  of which the  t ransducers w i l l  be mod i f ied  d S  necess(3t-v un ; - - h e . r  

oprnent has bsen f u l  l y  r e a l  i zea .  We a r c  a l s o  much in-berc>st(r- , v \  

n ing  zny o t h e r  t ransducsrs far eva lua t i on  t h a t  may have c:  I' ::eris~:.-5 

apprax imat ing t o  a g rea te r  or lesser degree those presented ; r ,  A,>:; ::>diu D. 

We are  ais:) anxious 40 consider 3ny r e v i s i o r  of t h e  Target  Chara:j-.:?i:-.c5 

tr1a-r w i  I I t e t t e r  de l  lneate a Pnore s a t i s f a c t o r y  t ransducer  f o r  - k c '  :tats. 

p L;r?ose. 

i 
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111, TRANSDUCER HEAT FLUX CAPABILITY 

A t  t he  present  t ime the lack o f  any t ransducer w i t h  the  demonstrated 

a b i l i t y  to  

rep  r e  se n t a  

comb us t i on 

inch us ing 

fundamenta 

2 withstar ld heat  f l u x e s  o f  25 BTU/in sec and above, which i s  

i v e  o f  the  c o n d i t i o n s  produced by f u l  ly-developed, h igh  frequency 

i n s t a b i  I i t y  a t  chamber pressures around 1000 pounds pcsr square 

convent iohal  p rope l l an ts ,  can probably be considered -the most 

t ransducer shortcoming. A l a rge  a k u n t  o f  e f f o r t  has gone 

i n t o  the  e f f o r t  t o  improve t h e  a b i l i t y  t o  keep from burn ing o u t  the ve ry  

i 
t h i n  d i a p h r a g s  by c i r c u l a t i n g  a l a rge  c o o l a n t  water flow a t  elmtat-ed 

'pressure through smal I and r a t h e r  t o r t u r o u s  passages w i t h  a respectable 

v e l o c i t y  and w i t h o u t  loca l  ca .v i t a t i on  o r  r e c i r c u l a t i o n  which would 

produce h o t  spots and lead t o  burnout. Our repo r t ,  lTranSfent  Pressure 

Transducer Design and Evaluat iont t  (2) descr ibes t h e  s i t u a t i o n  q u a n t i t a t i v e l y .  

The importance of  t h e  s e l e c t i o n  o f  diaphragm m a t e r i a l  3 r d  t h i c k -  

ness 1s a l s o  discussed i n  ( 2 )  from a number o f  standpoints.  One ve ry  

promis ing diaphragm m a t e r i a l  i s  n i c k e l  and transducers u t i l i z i n g  i t  have 

received p r e l  imlnary t e s t i n g  du r ing  t h i s  per iod,  a l though some f a b r i c a t i o n  

d i f f i c u l t i e s  were experienced. 

A. Eva lua t i on  o f  Cur ren t  Transducers 

Both l abo ra to ry  t e s t s  t o  es tab l  i s h  a t ransducer 's  bas ic  behavior 

when subjected t o  a p r e c i s i o n  heat  i n p u t  and r o c k e t  motor p r o o f  t e s t s  a r e  

needed t o  eva I uate the  a b i  I i t y  o f  a t ransducer t o  p rov ide  a s a t i s f a c t o r y  

o u t p u t  d e s p i t e  a severe thermal environment, The nex t  two subparagraphs 

descr ibe ou r  heat  f l u x  c a p a b i l i t y  t e s t s  i n  some d e t a i l .  

I .  Laboratory  Tests  

Open f lame t e s t s - w e r e  performed us ing  a m u l t i - f  lame oxy3r:etyIene 
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t o r c h  as a heat  source 

as shown i n  F igu re  I ,  

w i t h  a water-cooled adapter t o  ho ld  -the t - \  rhsducers 

As suggested i n  (Z), i t  i s  advantageouc - 1  :est 

i n i t i a l l y  a t  a heat  f l u x  va lue considerably  lower than t h a t  avc i  a b l e  i n  

r o c k e t  motors. 

a t  75 p s i g  were chosen as nominal t e s t  c o n d i t i o n s  f o r  a l l  trans3i i :ors 

be ing evaluated. 

cooled copper heat  s ink and some of  the d f f f l c u l t y  was t raced  tc -,n 

uncontro I I ed t ransducer body temperature. As a consequence a wz - -,r-cc)o I ed 

adapter (Drawing No. JP24 L2006A) was desighed t o  c o n t r o l  body t r t -?e ra tu re  

w i t h i n  t 2 F over  a wide range o f  hea t ing  cond i t i ons .  Coo1an.t t n p e r a t u r e  

increase i s  small a t  t h i s  nominal leve l  o f  heat  f l u x  b u t  t he  +lad r a t e s  

increases o f  from fou r  t o  s i x  percent a t  t he  same pressUre drop L.*-e 

probably  caused by a change i n  c o o l a n t  water v i s c o s i t y ;  i t  Wac clI<;o 

necessary t o  design spec ia l  c o o l a n t  d p bT f i t t i n g s  (Drawing 

No. JP24 S2009A) t o  g e t  repeatable c o o l a n t  pressure drop and temperature 

r i s e  data.  These mani fo lds make poss ib le  temperature d i f f e r e n c e  measure- 

ments w i t h i n  O.I°F, and pressure drop can be s e t  a c c u r a t e l y  and m n i t o r e d  

t o  assure a cons tan t  average diaphragm c o o l a n t  pressure. 

2 A heat  f l u x  of  2 BTU/in sec and an average cool i n t  pressure 

Data r e p e a t a b i l i t y  was d i f f i c u l t  us ing  a perii;!r:raI l y -  

0 

Othet- l abo ra to ry  t e s t i n g  consis ted of  inct-easing average 

c o o l a n t  pressures a t  t h e  above heat  i n p u t  r a t e  u n t i  I f a i  l u r e  occurred 

and dead-weight t e s t l n g  a t  va r ious  average c o o l a n t  pressure leve ls .  These 

t e s t s  es tab l i shed  t h e  present  c o o l a n t  pressure l i m i t s  for d i f f e r e n t  diaphragm 

m a t e r i a l s  and prov ided a comparison of s t r e n g t h  and re1 i a b i  I i t y  a f t e r  severe 

i n t e r n a l  s t r a i n .  A new c o o l a n t  system t h a t  w i l l  p e r m i t  h ighe r  c o o l a n t  

pressure opera t i on  us ing d i s t i l l e d  water i s  be ing i n s t a l l e d  i n  an o f f o r t  

t o  improve t h e  p r e c i s i o n  o f  our heat  t r a n s f e r  t e s t s  from t h i s  standpoint .  

An e f f o r t  was made t o  determine pressure and v e l o c i t y  g r a d i e n t s  

I 
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across a maze-type diaphragm coo lan t  passage w i t h  good r e s u l t > ,  Us; ng 

t ransducer bodies w i t h  the  diaphragm removed, pressure drop acrosz the 

maze was determined by e s t a b l i s h i n g  the pressure lossos i n  the i n l e t  and 

o u t l e t  tubes and body passages. Standard f l ow  c a l c u l a t i o n s  were. wnployed 

t a k i n g  i n t o  account the  changing geometry through t h e  maze. Rcsul t i ;  

f e l l  w i t h i n  2 p s i  o f  measured f low data lending credetlce t o  c a l c u l a t e d  

v e l o c i t i e s  f o r  i n d i v i d u a l  sec t i ons  af the  maze, as shown i n  Appenj ix E. 

2. Rocket Motot- Tests 

The e f f e c t s  o f  c o o l a n t  f low r a t e ,  average c o o l a n t  prc?ssure, and 

v e l o c i t y  d u r i n g  r o c k e t  motor t e s t s  cou ld  n o t  be s tud ied  i n  any  g r e a t  

d e t a i l  d u r i n g  t h i s  pe r iod  s ince r o c k e t  motor ope ra t i ons  d i d  n o t  cover t h e  

necessary cond i t i ons ,  

c o o l a n t  f low r a t e  and average diaphragm pressure a t  0.055 Ib/sec and 

Heat f l u x e s  ranged from 3 t o  I3 B N / i n 2  sec w i t h  

75 psig,  r e s p e c t i v e l y ,  

IO BTU/in 

A burnout occurred a t  a heat  f l u x  o f  approximately 

2 
sec on a t ransducer us ing Type 347 s t a i n l e s s  s t e e l  as t h e  

diaphragm m a t e r i a l .  f h i s  occurred a t  a low chamber pressure and i s  

a t t r i b u t e d  t o  improper t ransducer l o c a t i o n  i n  the  motor and w i t h  respec t  

t o  t h e  i n j e c t o r  c o n f i g u r a t i o n .  No o the r  f a i l u r e s  have been recorded, 

a l though Type 347 and 17-7 PH s t a i n l e s s  s t e e l s  and Type A n i c k e l  were 

used as diaphragm matel- ials. 

a t  chamber pressures of 150, 300 and 600 p s i  w i t h  f requencies ranging 

Runs were made under unstable c o n d i t i o n s  

from 250 to 3,000 cps and pressure ampl i tudes from 25 to 300 p s i .  To 

t e s t  t h e  heat f l u x  c a p a b i l i t y  o f  t h e  t ransducers adequately, chamber 

pressures must be increased and r o c k e t  o p e r a t i  ng cond i t l o n s  prescr ibed.  

Rocket motor t e s t s  on transducers having Type A n i c k e l  as 

diaphragm m a t e r i a l  showed marked c o r r o s i o n  o f  t he  diaphragm a f t e r  5 t o  

I O  seconds o f  r u n  time,. Coat ing o f  0.0002 inch  and 0,0005 inch t h i c k -  

, .  



18. 

nesses o f  chrome p l a t i n g  checked c o r r o s i o n  w i t h  no apparent ,:I.wnqn i n  

t ransducer performance. There is a n a l y t i c a l  evidenco t h a t  ii 0.005 inch 

t h i c k  n i c k e l  diaphragm, p ro tec ted  from corros ion,  w i l l  perform a t  t he  

25 B N / i n 2  sec heat  f l u x  leve l  (2). For instance, a t  IOOOOF t he  e l a s t i c  

l i m i t  i s  about t h e  same as the  n i c k e l  s t e e l s  or approxim8tely 15,000 p s i .  

Thermal c o n d u c t i v i t y  i s  about 23 t imes t h a t  o f  Type 347 s t a i n l e s s  s t e e l  

i n d i c a t i n g  a smal ler  temperature drop f o r  the same th ickness ?!id a t  the 

same heat f l u x .  

p rov ide  r e q u i r e d  increased v e l o c i t i e s ,  t he  important f a c t o r  i n  t h o  bas ic  

heat  t r a n s f e r  equat ion becomes the  thermal c a p a c i t y  o f  t h o  coo lan t .  

Recent p r e l i m i n a r y  t e s t s  i n  the l abo ra to ry  were aimed i n  i h i s  d i r e c t i o n .  

Flow r a t e s  up t o  0.1 Ib/sec o f  c o o l a n t  water were a t t a i n e d  a t  pressures 

around 75 p s i g  average diaphragm c o o l a n t  pressure. 

c a l c u l a t e d  v e l o c i t y  i s  about 42 fps  i n  t h e  cen te r  o f  t he  maze where i t  

I f  c o o l a n t  pressuresand f low r a t e s  can be adjusted t o  

A t  t h i s  f low r a t e  the  

' is lowest. 

B. Research and Development Toward Higher Heat 
F I  ux Capabi'l i t y  

Any m a t e r i a l  chosen f o r  t ransducer diaphragms w i  1 I bs I im i ted  

i n  one way o r  anather.  Thermal c o n d u c t i v i t y ,  s t r e n g t h  and c o r r o s i o n  

r e s i s t i v i t y  a r e  t h e  major f a c t o r s .  Work w i t h  metal and ceramic coa t ings  

has been i n i t i a t e d ,  as w e l l  as w i t h  "6andwichtt diaphragms. T h i s  work 

w i l l  be tes ted  f i r s t  i n  the  l abo ra to ry  w i t h  f i n a l  r ies l l l t s  subjected t o  

r o c k e t  motor ope ra t i on  a t  h igh  chamber pressures under unstable c o n d i t i o n s  

( w i t h  accompan.ying h i g h  .heat f l u x ) .  A l a rge  increase i n  heat  f l u x  

c a p a b i l i t y  i s  a n t i c i p a t e d  w i t h  t h e  use o f  ceramic, e s p e c i a l l y  r n o t a l l i c  

oxide, coat ings.  

Coolant passages i n  p resen t  t ransducers must be mod i f i ed  or 
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redesigned i f  c a v i t a t i o n  and ho i  .,pots a r e  t o  bc! eliminated. /\: ' - over- 

a l l  s i z e  of a transducer i s  d e c r c ~ s c d ,  t h i s  becorn!-s more o f  a pro1 ,(m. 

The maze type o f  c o o l a n t  passagc may have t o  bc d I scarded for  a nl( 1 - 1 ,  simp l e  

f l ow  geometry. There i s  also t h c  problem o f  a v d i l a b l e  c o o l a n t  SL;SIY 

pressure. I t  i s  always undesi rab le t o  employ a h igher  pressure t h , ' I  t h a t  

a v a i l a b l e  from t h e  f u e l  or  o x i d i z e r  system of a r o c k e t  motor, honc: 

pressure drop upstream of the  t ransducer diaphragm must be k e p t  ,z.t 3 

minimum. Admi t t i ng  the  c o o l a n t  t o  t h e  diaphragm area becomes a grr?, i ter  

problem when transducer diameter i s  reduced. Coolants e x h i b i t i n g  c~ lower 

thermal c a p a c i t y  and i n  some cases a considerably  h igher  v i s c o s i t y  Than 

water may need t o  be used i n  p r a c t i c a l  development cases and must S C  

considered. 
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I V .  A SMALL PASSAGE TECHNIQUE FOR TRANSIENT PRESSURE MEASUREMENTS 
I N  LARGE ROCKET MOTORS 

A new technique f o r  making t r a n s i e n t  pressure mear;urementr3 i n  

l a rge  r o c k e t  motors (5) where the  response modes of i n t e r e s t  are n f  

r e l a t i v e l y  low frequency has been conceived and t e s t e d  i n  several 

successive c o n f i g u r a t i o n s .  Th is  technique makes use of the  frequency 

response c a p a b i l i t i e s  o f  a smal I passage 0.040 inches i n  diamefer 2nd 

n d r i c a l  

i um 

0.75 inches long leading from t h e  combllstion chamber t o  a small cy1 

volume 0.218 inches i n  diameter and 0.009 inches h i g h  i h t 0  which he 

i s  b led  through an 0.006 inch diameter choked o r i f i c e .  The v3lums 

diameter i s  s ized t o  a K i s t l e r  601A p i e z o e l e c t r i c  (quart-z) t ype  t rans -  

ducer. The c o n f i g u r a t i o n  i s  shown on Drawing No. JP24 M016A which i s  

presented h e r e i n  as  F igu re  2. 

The performance o f  i - h i s  arrangement which i s  I d e n t i f i e d  a s  the  

Small Passage Technique i s  shown i n  F igu re  3 as measured by the  Sinusoida l  

Pressure Generator. 

second i s  understood t o  be adequate f o r  i n s t a b i l i t y  modes o f  c u r r e n t  

i n t e r e s t  i n  t h e  F- l  dombustion chamber and the  c o n f i g u r a t i o n  should be 

i dea l  f o r  i n s t a l l a t i o n  i n  the  cooled t h r u s t  chamber w a l l  e i t h e r  between 

tubes o r  through t h e  ceh te r  o f  a tube, 

The e s s e n t i a l  l y  f l a t  response up t o  3000 c y c i e s  per  

F u r t h e r  research and development e f f o r t  w i l l  be placed on t h l s  

technique d u r i n g  t h e  cothlng pe r iod  and i t  i s  expected t h a t  it w i  I 1  be 

p o s s i b l e  t o  p rov ide  extended performance and even more p r a c t i c a l  con f i gu -  

r a t i o n s .  A d d i t i o n a l  d e t a i l s  on the  i n i t i a l  work were included i n  

P r ince ton  U n i v e r s i t y  Aeronaut ical  Engineer ing Report  No, 595e (lj) which 

had o n l y  a l i m i t e d  d i s t r i b u t i o n .  A t echn ica l  r e p o r t  w i l l  be i s s u d  whan 

t h e  technique has been w r e  f u l l y  developed. 
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V. RESPONSE OF TUBING 

Often, when 

measurement, a f l u s h  d 

CONN ECTC D PRES SURE TFiA N!; DI JCERS 

nstrumc : ? :  ing a rocke t  -hiAmber f o r  t r a n s i (  ;ra-,sure 

aphragm l ransducer  i s  n o t  employed. The L I  J ~ I  

a I t e r n a t i v e  i s a c a v i  t y - t ype  t r j nsducer  connected by severa I i n r ? l  , or' 

even several  f e e t  o f  tub ing .  The r e s u l t a n t  c o n f i g u r a t i o n  of  t u b i c c  p l u s  

inst rument  volume w i l l  y i e l d  a f a i t h f u l  record  of pressure o n l y  uri3er 

s teady-state cond i ti ons. 

average and t r a n s i e n t  pressures w i l l  be i n  e r r o r .  Much t e s t i n g  o f  tube- 

When osc i I I a t o r y  pressures a r e  present  5,-;th 

volume c o n f i g u r a t i o n s  has been performed on t h e  SPG. The usual i3c1 i-terr: 

f o l  lowed i n  t r a n s i e n t  measurement shows a resonant  peak a t  some? i:-.:quency 

w i t h  an  ampl i tude o f  several  t 

entrance, The response curve  

up t o  1/3 t h e  frequency o f  the  

o u t  t h a t  t h e  c h a r a c t e r i s t i c s  o 

mes t h e  ac tua l  pressure s igna l  

s genera l l y  considered t o  be f 

I t  shou f i r s t  resonant  po in t .  

such a c o n f i g u r a t i o n  

unknown gas p r o p e r t i e s  i n  t h e  tube and volume. T h i s  

o f  t h e  performance o f  such a system q u i t e  d i f f i c u l t .  

a g iven  c o n f i g u r a t i o n  us ing t h e  SFG i s  conducted qui  

a t  -,?le tube 

a t  (i 10%) 

d bc: po in ted  

depend upor-, Gt;ua I I y 

makes t h e  i : a 3 c u I a t i o n  

Exper imenfa : tesT o f  

e eas i I y znd :.ccurate 

under c o n d i t i o n s  t h a t  i n d i c a t e  t h e  response c h a r a c t e r i s t i c s  w i t h  s o m e  

f i d e l i t y .  Fu r the r  work i n  extending t h e  SPG technique f o r  t h i s  k i n d  of  

t e s t i n g  i s  under way. 

Average pressures measured by t h e  tub i ng-vo I ume arrangement 

have been observed t o  d i s p l a y  small e r r o r s .  A t y p i c a l  measurement w i t h  a 

t u b i n g  length  of 6 inches us ing  he1 i um as  t h e  t e s t  gas i n  t h e  SPG showed a 

drop o f  2 p s i  from an average pressure of 100 p g i  a t  a frequency o f  1000 cps 

w i t h  a peak-to-peak ampl i tude of 30 p s i .  

caused by  a loss o f  acous t ic  energy due to t he ' v i scous  fo rces  i n  the f l u i d  

medium. A t e s t  program t o  f u r t h e r  i n v e s t i g a t e  these e f f e c t s  i s  under way. 

The e f f e c t  i s  thought  t~ be 



. - !hc naed f o r  evdlud 1115 a t ransducer arld i t s  syt t 3t-i cl ~, -;n( 

Y ?ke rne32uramel~ts over  0 ran<;c 0; rrequanc i e s  f r o m  <)roclni I ~ o 

C(,COO L y c l c s  per  second unde; tclynmic c o n d i t i o n s  would 5 '  I 

," .aen t .  .7b+ unfor tunate1  y Toc, ,ew workers i d v e  tes ted  up T, -1 t ir _I 

;a >e sur-c r h a t  3 t ransducer  rid i t s  aux i  I i a r y  equipment 3ru c - i  ?d 

c .;ystem s x h i b i t i n g  non-steady pressures were f r e e  of  resontr,-r I id 

19' . 9s  

>v? und2-taken i n  t h e  p a s t  ot- a r c  now undertaking t h o  es t (  , . .-nt of 

z r  i i q L t . >  and requirements fo r  dynamic response t e s f i q g .  T' 6 1c u;i. 

; iT, Edr r rds  A i r  Force Base, J e t  Pr3pulsior-i Ldboratory,  .W5; :r , 

; j>a rc ,  r + c r  and Marshal I Spacs F I  i g h f  Center. Our e f fo r -  - 

: ,x.ribL: d m v e  inc lude  the  u t i  I i z ~ r i o n  of a shcck tub6 ana --!-:, i n c -  

sc l~aa l  F-Gssure Generator. Other -,?thoas a i  dynamic respo - - i n  

LL 2 beer. Jsed i n  t h e  p a s t  and new means a r e  aspear ing rv i tk  :I, Y-FI 

. : : , . I a r i ~ % j .  

'...--hods Tor t r a n s i e n t  pressure Transducer eva lua t ion .  

T n i S  e f f o r t  w i  I I be re,,orted ai 3 l a t e r  t ime. 

We a r e  a t tempt ing  t o  ccqua in t  ourse lves  wiTh a i .  .'e: rin-;. . -  

The r?: - -: c '  

I n  a d d i t i o n  -0 t h e  l zbo ra to ry  t e s t s  much i s  t c  be? c.;;-;-;?d 

from t e s t s  w i t h  a p u l s i .  gun i n  d r o c k e f  chamber bo th  t ko !d l l  5 . s ~  "I-!oT'~ 

w i t h  t h e  t ransducer system cornp I efc I y connected. Tes ts  of  t r  : ,i = , z r t  

k v e  been planned and w i  I I be c o n c x t e c  d u r i n g  fhe  nexf pcr i - -1 .1 .  
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V I I .  CONCLUSION 

I -  

T h i s  summary r e p o r t  G f  progress from tl~: i n i t i a t i o n  o: I tscarcr 

i n  t r a n s i e n t  pressure medsuring rnetho,ds as a p p l  i cd  t o  I i q u i d  prc;r, ! l a n t  

r o c k e t  combustion chambers on I March 1961 thrnugh 31 December '9'~/ 

presents a number o f  elements of c u r r e n t  i n t e r e s t  i n  t h e  aerospd- 

p ropu ls ion  f i e l d .  

The eva l  u a t i o n  and development o f  f I ush diaphragm t r e n  n t  

pressure t ransducers  f o r  use i n  c u r r e n t  la rge  I i q u i d  propel  lan t  1, r ,s te r  

r o c k e t  engines i s  ve ry  bad ly  needed and some progress has been r r i  . 
There i s  an immediate need t o  improve t h e  h e a t  t ransfc  r 

capabi I i t y  o f  t h e  b e s t  o f  the  present  t ransauzers by a f a c t o r  c 

more, so they  w i I  I w i ths tand the  very  h i g h  heat f l u x  (25 B N / i n - -  > t c  :nd 

above) produced by t h e  I i q u i d  oxygen-hydrocarbon propel  l a n t  comt;~ ;~c.tio';s 

a t  c u r r e n t  combustion pressures o f  around 1000 pounds per  squar-; rich undr;r 

f u l l y -deve  oped i n s t a b i l i t y  cond i t i ons .  Much more severe heat  t r L i s f e r  

problems w I I r e s u l t  from t h e  even " h o t t e r "  propel  l a n t s  and highei pres- 

sures o f  t h e  advanced booster r o c k e t  engines now i n  t h e  research --age. 

A sma I I passage technique for t r a n s i a n t  p r e s s u r e  meas,Jrt:rients 

. o or 

7 

whenever t h e  frequency response requirements can be re1  ieved solrewhat has 

been tes ted .  F u r t h e r  t e s t i n g  i s  now being conducted t o  extend th t l  

performance. T h i s  approach can become importan; as  t h e  fundamentd I f a c t o r s  

a r e  b e t t e r  understood and t h e  p r a c t i c a l  appl i c a t i o n  problems are c l a r i f i e d .  

The dynamic response o f  t u b i n g  connected and f l u s h  diaphragm 

transducers t o  non-steady pressures has been i n v e s t i  gated exper- imenta I I y 

and ana I y t i c a  I I y. Laboratory t e s t s  o f  t ransducers us ing  a shock -tube 

and a P r ince ton  Developed S inuso ida l  Pressure Generator and o t h e r  spec ia l  
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apparatus w i  I I con t inue  and t e s t s  i n  pulsed rocket chambers b o t h  f fco ld f f  

and lrhotf' have been planned and w i  I I b e  carried out d u r i n g  t h o   mi ng 

p e r i od o f r e  sea rc h . 
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APPENDIX C: 

I -  

1 -  

FORM NO. 93a 

Typa of Transducer: - 

Serial:  _I I Ma nufac tutor: Model : 

-I_- 

In i t i a l  

Date 
A .  Insaect ion 

- _..---- 

1 .  Inspect transducer for visual ffaws or damac;c. View diaphragm * ~ i t h  a 
stereo-microscope, noting cracks, dents, irn;oriect welds, e t c .  

2. Measure transducer for compliancE w i t h  outl ine arawing. 
a t  i ons. 

Note C l i \ . ,  - 

' --l__t. 
3.  Measure leakage resistance from a l l  act ive p i n s  t o  ground using - t : # 3  

volt-ohmyst on the R x IM scale .  Leakage resistance = r x  :j ,2 .-.m , 

j 4.  For s t ra in  gage t y p e  measure i n p u t  resistance us ing  the Wheatsl-,>!i;; 
bridge. I n p u t  resistance = ohms . 

I_- 

5. For s t ra in  g a g e  type measure o u t p u t  resistance using t h e  Wheats-torrti. 
bridge. O u t p u t  resistance = ohms, 

6. Establ i ' sh  coolant water flow a t  rated conditions. 
flow ra te  a t  

Observe coolant 

Rated i n l e t  prossure p s i g  
Rated flow ra te  PPS 

Ps i9  a .  Observed out le t  pressure 
b .  Inspect transducer for  external coolant leakage 

7. Repeat S t e p  3 for  leakage resi stance. Leakage rosislanco = megohm. I 

8 .  Purge coolant passages of  water. 

- 
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App I icd 

( p s i  9 )  (mV) (psi 9) 
Pressure 

I A p p l  ied o u t p u t  
Pressure Voltage I 

Q) 
L 
3 
cn 
cn 
0 
L a 
cn 
C 

-0 
C 
0 
0 
ul 
a, 

.- 

n 

B. S t a i i c  Testinq 

OLl'tj; 1 4  .- 
vo I t L %  je 

( rr': j - 
.-I__-- 

_-,-..-- 
---_I_ 

--- 
--- 

11_1_. . - -  

_I__ 

.- 

--I_ 

1 ,  Place transducer i n  dead weigill i cs te r  and 1c3~ncct to  auxi I iary ;rq J I P -  
ment i f  required. Fol low rnanJfxtu-er 's  prwsd i . . re5  for the adjl . ,dt  c n t  
of tha auxi I iary equipment. Noto control >st-i ngs --- 

- ---- 

2 .  Conliect system t o  transducer ca l  brato: and pressurize t o  f u l  I xl:le 
pressure. Note output leve! as  indicated on iransuucclr cal i b r a  k r .  
If indicator is off-scale,  insert  an appropriate voltage divide;- l o  
b r i n g  indication on-scale. Dividor r a t io  = 

A I  low 30 m i n u t e s  warm-up time unless manufacture recomr,?ends oths2r. 
7- 

3.  

4.  

0 
. L  
3 
ul 
cn 
Q) 
L a 
(5) 
C 

D 
C 
a, 

.- 

s: a 

A p p l y  pressure i n  100 p s i  st3ps u p  t o  the f u l  I scale rating of - ' I (  

transducer and i n  an equal number of steps return1 ng t o  ZBI-o pres: f e .  
Care should be taken to  approach steps from the general di rect !o : :  3f 
t rave l .  This  is to  avoid any masking of hystlsresis e f fec ts .  

and 
Ca t e  
---I 
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5 .  

a, 
L 
53 
v, 
u) 
a, 
I 
Q 

0) 
C 

-0 c 
c) 
0 
u) 

.- 

a 

, ji a, ,I-- 
C---------tlZ -'- 

6. 'Establish r a t e d  coolant f low and r e p e a t  S t e p  5. 
Appl  i e d  Ou tp  u t  A p p l  ied CILl. tyLt  

Pressure Vo I tage PI- e s s u r e vo I -i-;ip 
( p s i 9 1  (mV) ( p s i g )  CfllV) 

I 

I 
I 

I -- I l l  
1 II I -- 

I [ n i t i a l  
and 

I I I  



CooianT Prcssurcj outlef- , I -  15 

Coolant f Jow r a t e  F S I 9  I 

T i  me Ti me 
of Zero o f  Zero 

h Y  (mV) b Y  !mV 1 
1 

I 

Zer-3 
( frJ/ 1 

I Tim,.j! 
of 

b Y  

i 
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I n i t i a l  
2 n d  

Date 
P 

a.  P k u n t  the transcidccr on t t , ~  d n d  of t h c  ! i - x k  tube i n  a s u i - l - * l e  
f Isncje, .taking care  t h a t  t: d i ~ p n r a ~ r n  i .  "ccossod 1/64" b c  ,I),)$ 
the inner surface of thc  f ! <  n g z .  

17" of mercury i s  obtai t o  an 80:l p rl- I 

r a t i3 .  ! --- *--1 

i 
i e. Connect transducer outpuf i~ i hc :  vdrticsi  i r i ? u t  terminal c2,f :L3 

scope and adjust  the Sensiyivity 50 t h j t  ::zai-ly f u l l  scale 

~ ~ 

b .  Establ I s h  coolunt f low tl-rc uch t h e  t r c . n c c j 3 c c r  cnd a1 low 
adeqcate warm-up t imc.  

-_ ---- ..I__-.- 

; Sens. t Si:ns. -_.- --1---..--- 

_-I--- 

___--- 

-I--- -- 

-̂I-_ -- 

-.* - .f .-- 
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_.- --. I .- -- . 
b. Connect t h e  t e s t  t r , i r t - d L t c x  outpu-I -  ?o " : I  amp1 i f ier cha . ; 8 

thonce t o  a Krohnhitc nd ;ass t i  I-;c - .  
i 

-- - --_.I 

c. Connect the inonitor T X ~ S G  icer thra  j f j ) ~  2 paral lei pa?-h in 
S t e p  b t h r o u g h  a seic;: >,- s w i t c h  i o  ti c f i I ter input. 

d .  Connect the filrer oL't;..i io a 8aI;an;-,1:.: true rms vol-I- 
- ----_I-, 

mater. 

f. Folding all gain set-ii;:gs ~ o n s ' a r ~ ,  C O ~ ! - C ?  multiples c> k c  
zp t o  20 k c  and for  TXII  f r o q w n c y  m m r Q  ou tpu t  level 
aach channel as indica-r,;cr on t i i e  J i r L 2  r-rr13 meter-. The ~ ~ . . i + : l  

pass filters a re  to be r c s e t  fo r  cac4i cxoiiation fraqu;,- I ,  

the limits being sei. a? 3/4 and 4/3 O F  the exci-fafion 
f requency. I# 

. 

Frequency 
( k c )  

i 
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I 

C. Check coo1ar.t SUDD IQ bo'? 6.3' e 

d. Ice cold junc t i o n s  and chrc': j -ns t ; ru .mnt6 , I : jgn  

f. Coolant flowrate Vs. pressure drop d a t a  a t  proscrlbd avem.,:ri coolant  
pres sure i Coolant mr- i fold Bot number ,, 

~~ ~ 

g, Prescr ibed  opera t ion  condiliona: 
Q - 

Average coolen t  pressure, P& p i g .  Tost block temp., :? 

Ox gae CFH, pslg .  Fuel gas G l i ,  ~ i l g  

Transducer pos i t i on ,  D inches.  Approx. Heat Fltnr_--B%uJi 
-I- 

h. Check coolant level  In high ~ r s a  9 U r Q  >I$. 

1. Get d a t a  winta 1 and 2 bc3low. I &te t .or& a ncl c o m p l ~ t e  'ia$ 
j. Heat Transfer data8 



2.  Rocket bbtor Test. 
. ,  _. a .  In s t a l  I transducer ir .  r-., rnoli: - ',!, . ,  L 

i 

-! ....- 
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portiona I t o  t rans '  Dressjres Jeen mare or I :  (>  5 

successfully u t i  I - i n  transducer. t o r  rocket comb. 

. c, chamber measurcnc-: , i n  particG'2r : (  -d.a wire r e s i  . -  

s t ra in  gages, v a r :  zapac i ?a nc - ' pic:,< Icci-I-i: > S"d i 5, 
, .  



out1 i ned here i n .  

b .  Electrical O u t p u t  

sens i t iv i ty  changes .5  ' A ; !  1 a s  nor - I  inc-,z!ri*t-ies, Iiy:;-i-, ' I  

design features shoii;d ZOT in?-roaixe o!ccirical 2 A - p ~ ' ; -  rors 

of s ignif icant  mgni-.-Lc;z.  

D r i f l '  from thermal or other (e.g., coolant pressure)  ef fec ts  

sha l l  be minimized insofar a s  practicable depE!ndiiig 02 t h o  

method of transduction. An OVCI-:! I zero d r i f t  rizf'C> b;I:;w 

Q.!-S$ a i  f u l j  scaj.2 ?er minute ; t  . - . 1 1 ~ h l y  desi-sbI;.i :i 

is understood ?hat ::hi f f s  i n  zera prdssure c!J-! .~u? li. ;'i? o-!?ner 



r: -4 



c.  D m p i n g  

The damping factor t . ,<. :01 - ,'-I 195 sf c r :  I 

w i t h  205 desired. 

5. Mschanizal D s s i g n  

c .  Dimensions 

Target dimensions L,-c shown on i.113 z-,--, L d  out I P  ( , -G  ! : ng  

(JP24M2010A). 
. ^  
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. .  out, temperature o; sr:S-af-y i I ne ccrap( -:on for L'OI tag.;, 

6. Thermai Design 

a .  Tne design of "re tr;! t 

provisions, including 

prsssure and flow v31 

continuous exposure to  .>',ij J y-devalo?od, h i g h  .frsquency 

combustion instabi I i t y  CY! longitadical tt-i?n:r;verc.e; and 

combined nodes. 

ventional regenerativcly-cooled I i q -  ic; prppel l a n i  rocke? 

moiors by heat  f J uxes $.!? t o  a t  f::ui--. 3E; ._ _, B?II,I' . r iL 5 iic: , 

These cond I t ions  & r - ~  repr-eser;.teu i n con- 

7 

b .  The transducer should igncd , 

OUT of t h e  diaphrsgm n i ! l  not aiJow 3.: :i:!:TbC ; , > :  

gases. 





I 

. 
c 
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x- 
Oihcr losses are :  



2 
Veloci-ry hezd V 1  / ?  = '.7 f.- 

I ,  



N O T I C E  

T H I S  D O C U M E N T  H A S  B E E N  R E P R O D U C E D  F R O M  T H E  

B E S T  C O P Y  F U R N I S H E D  U S  B Y  T H E  S P O N S O R I N G  

A G E N C Y .  A L T H O U G H  I T  I S  R E C O G N I Z E D  T H A T  C E R -  

T A I N  P O R T I O N S  A R E  I L L E G I B L E ,  I T  I S  B E I N G  R E -  

L E A S E D  I N  T H E  I N T E R E S T  O F  MAKING A V A I L A B L E  

A S  MUCH I N F O R M A T I O N  A S  P O S S I B L E .  


